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Abstract 
Various exposure limits and analytical methods are recommended for hexavalent 
chromium exposures.  While the OSHA standard is legally binding, NIOSH and ACGIH 
recommendations should be considered as well when determining personnel overexposures.  
Hexavalent chromium is linked to severe acute and chronic effects, including cancer.  The 
United States Air Force currently uses NIOSH methods 7600 and 7605 to sample for hexavalent 
chromium.   This research analyzed if personnel are being overexposed, in addition to comparing 
NIOSH 7600 and NIOSH 7605 results to determine if both methods are required, or if one can be 
used in place of both.  The results of the sample data analysis indicated that hexavalent 
chromium samples obtained with both NIOSH methods exceeded the OSHA PEL of  5 ug/m3In 
addition, this study revealed that there were no significant differences in hexavalent chromium 
samples concentrations obtained with both methods.  
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1.  Introduction 
United States Air Force flightline personnel assigned to the Aerospace Ground 
Equipment shop at Langley Air Force Base are responsible for maintaining aircraft and missile 
(weapons systems) structure by removing and re-applying coatings that help protect the weapon 
systems’ metallic and/or composite surface.  Maintenance of the coatings is important in order to 
prevent corrosion and/or deterioration, which can shorten the life-span of the weapons systems, 
thus endangering personnel and negatively impacting mission accomplishment (IERA, 2000).  
The coatings used by the Air Force protect the weapons systems from oxidation reactions that 
degrade the surface and structural support capabilities of the metal or composite material.  Since 
oxygen is present in all environments, it is important for the Air Force to inhibit corrosion of 
these coatings.   
Hexavalent chromium (CrVI) is a corrosion inhibitor, and is present as chromic acid in 
the pretreatment and as metallic chromate in the primer used for aircraft corrosion control.  The 
most common worker exposures occur during application and/or removal of the pretreatment or 
primer (IERA, 2000).  Application usually occurs via pressurized hoses or hand-held spray guns, 
during which aerosols are generated that can enter the workers’ breathing zone and present an 
inhalation hazard.  Removal, or depainting, is typically performed by mechanical sanding, which 
can cause release of airborne particulates containing chromates into the worker’s breathing zone.    
Hexavalent chromium is corrosive to the eyes, skin, and respiratory tract (ICSC, 2016).  
Repeated or prolonged exposures via inhalation may cause asthma, kidney impairment, and may 
cause heritable genetic damage to human germ cells; animal tests show that hexavalent 
chromium may cause toxicity to human reproduction or development (ICSC, 2016).  It is a well-
established carcinogen associated with lung cancer and nasal and sinus cancer, in addition to 
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non-malignant respiratory effects including irritated, ulcerated, or perforated nasal septa (DHHS, 
2013).   
There are numerous sampling and analytical methods published for hexavalent 
chromium, including but not limited to Occupational Safety and Health Administration (OSHA) 
method ID-215, and National Institute of Occupational Safety and Health (NIOSH) methods 
7600 and 7605.  The Air Force has strict regulations and does not deviate from current sample 
methods approved for laboratory analysis.   
Currently, both NIOSH methods 7600 and 7605 are used to sample for hexavalent 
chromium.  Alternative sample methods are not currently under consideration by Air Force 
leadership, so the current NIOSH methods must be used.  All hexavalent chromium samples are 
analyzed at the United States Air Force School of Aerospace Medicine (USAFSAM) Analytical 
Laboratory located at Wright Patterson Air Force Base, OH (WPAFB), an American Industrial 
Hygiene Association (AIHA) nationally accredited laboratory.   
The  (NIOSH)  Recommended Exposure Limit (REL) 8-hr Time Weighted Average 
(TWA) for chromates is 0.0002 mg/m3 ; while the Occupational Safety and Health 
Administration (OSHA)  Permissible Exposure Limit (PEL) TWA is 0.005 mg/m3 (NIOSH 
Pocket Guide, 2015).  The OSHA PEL Ceiling is 0.1 mg/m3 (OSHA, 2016). The ACGIH TLV 
TWA for chromic acid water-soluble compounds is 0.05 mg/m3 and 0.01 for water insoluble 
compounds (OSHA , 2016).  .   
Because of the different recommendations for exposure levels, and the policy for both 
NIOSH methods to be used, overexposures can be difficult to identify.  The Air Force uses 
OSHA criteria to set their own acceptable levels of exposure.  The OSHA Occupational 
Exposure Limit OEL is used to identify the Action Level (AL), which is 2.5 ug/m3, or 50% of 
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the OEL.  29 CFR 1910.1026 (f)(1)(ii) requires engineering and work practice controls to reduce 
and/or maintain employee exposure to hexavalent chromium less than or equal to 2.5 ug/m3. 
This report tested if flightline personnel at Langley Air Force Base are being overexposed 
to hexavalent chromium and the necessity to sample for both NIOSH methods.   Because of the 
varying exposure limits, it can be difficult to determine if overexposures are occurring.  
 Hexavalent chromium has serious short and long-term effects due to overexposures, so it 
is important to ensure personnel are performing painting and de-painting processes without 
adverse effects.  The null hypothesis is that personnel exposures will not exceed 5.0 ug/m3, 
which is the OSHA PEL.  If overexposures are occurring, additional surveillance requirements 
may be warranted, along with re-evaluation of control effectiveness.  Analyzing sample data 
from both methods may also provide additional information in determining the requirements for 
both sampling methods, or using one of the current sampling methods instead of both.   
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2. Background 
2.1. Coating and Primer  
Organic coatings (i.e. paint) are carbon-based semi-volatile liquid mixtures of solvents, 
pigments, reactants, hardeners, dryers, and corrosion inhibitors; the term “coatings” includes 
chemical surface treatment materials that are not specifically organic in composition, but are 
required as part of the entire organic coating system (IERA, 2000). The coating system is 
comprised of a pretreatment (conversion coat), primer, and topcoat.  The pretreatment is a 
chromic/nitric acid mixture that chemically reacts with the metal surface of the weapons systems 
to form a chromium/aluminum compound that is corrosion resistant and allows for adhesion with 
the primer (IERA, 2000).   
A military specific epoxy primer is used which is yellow in color and is considered a 
Class C, strontium chromate primer.  The primer adds an additional adhesion layer and is 
comprised of metallic chromate, which inhibits corrosion, and provides resistance to chemicals, 
lubricants, and corrosive atmospheres.  The topcoat is the final finishing layer of the coating 
system which can add stealth qualities to the weapons system.  An activator containing amines is 
mixed with the binder, and the epoxy and amine functional groups react to form a tough, 
flexible, corrosion-resistant adhesive.   
2.2. Depaint/Paint Process 
The inhalation exposure route for hexavalent chromium is the main concern for 
overexposure occurrences.  Personnel performing scuff sanding and/or mechanical abrasion, dust 
removal, and application of the conversion coat and the primer are monitored for hexavalent 
chromium exposures via air sampling and routine health exams.  Both NIOSH methods 7600 and 
7605 are used to sample for hexavalent chromium exposures.   
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Scuff sanding and mechanical abrasion are performed to remove existing coatings, 
oxidized paint, and to smooth out nicked, scratched, or chipped paint using mechanical sanders.  
Ventilated sanders provided some reduction of exposures; however they do not provide complete 
elimination of dust particles (IERA, 2000).   Significant worker exposures to hexavalent 
chromium occur during scuff sanding and mechanical abrasion (IERA, 2000).  During bulk dust 
removal via compressed air or hand wiping, exposures can occur particularly if the dust is re-
suspended in air and into the worker’s breathing zone.  Application of the conversion coat and 
primer is performed via paint spray guns, which can also result in inhalation exposures to 
hexavalent chromium.   
Conventional paint spraying is used to apply the primer.  The spray gun atomizes the 
primer using compressed air.  Various particle size droplets are generated and propelled from the 
spray gun onto the surface of the weapons system.  Streamlines are formed when particles 
rebound off the surface of the weapons system.  Droplets that do not have sufficient inertia 
follow the streamlines and do not impact the surface to form a coating; instead, they form a mist 
or overspray, which can be transported into the workers breathing zone (IERA, 2000).   
AFMAN 48-146 (2013) requires chromium levels as low as possible below the OEL.  It 
is not realistic to eliminate CrVI exposures because chromium is present in the coatings used.  
Respirators are used to reduce personnel exposures to confirmed and/or suspected carcinogens 
and to maintain an exposure level below the OEL inside the respirator.  The assigned protection 
factor of the respirator is important to identify the actual levels inside the respirator.  The APF 
must be greater than or equal to the exposure divided by the OEL.  
Equation 1- APF calculation 
APF ≥ (task exposure(ug/m3 )÷ 𝑂𝐸𝐿 𝑢𝑔/𝑚3 (2) 
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2.3. Toxicology 
Hexavalent chromium is reduced to trivalent chromium (chromium III) in the lower 
respiratory tract by the epithelial lining fluid and by pulmonary alveolar macrophages (Dayan 
and Paine, 2001).  Trivalent chromium is an essential dietary nutrient, whereas hexavalent 
chromium poses a significant lung cancer risk (CSEM, 2008).  Data from animal experiments 
indicates that with equal solubility, hexavalent chromium compounds penetrate cell membranes 
and are absorbed more readily than trivalent chromium compounds (CSEM, 2008).  Reduction 
from hexavalent to trivalent chromium occurs inside red blood cells after it is absorbed by 
erythrocytes.  Red blood cell membranes are permeable to hexavalent chromium, but not to 
trivalent chromium (CSEM, 2008).  Excretion of absorbed chromium occurs primarily via urine.   
The reduction of hexavalent chromium is considered to serve as a detoxification process 
when it occurs at a distance from the target sight for toxic or genotoxic effects, while reduction 
of hexavalent chromium may serve to activate chromium toxicity if it takes place in or near the 
cell nucleus of target organs (Dayan and Paine, 2001).  The rate of reduction and extent of 
toxicity depends on the balance of hexavalent chromium versus chromium (III).   
Hexavalent chromium enters many types of cells and under certain physiological 
conditions, can be reduced by hydrogen peroxide, glutathione, glutathione reductase, and 
ascorbic acid to produce reactive intermediates including chromium (IV), chromium (V), 
thiylradicals, hydroxyl radicals, and ultimately, trivalent chromium (CSEM, 2008).  The 
intermediates produced have been shown to attack DNA, proteins, and membrane lipids, thereby 
disrupting cellular integrity and functions (De Mattia et al, 2004).   
Eventually, the diffusion of hexavalent chromium, the reduction to trivalent chromium 
and complexing to nucleic acids and proteins within the cell will cause the concentration 
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equilibrium to change (ATSDR, 2000).  Once it is absorbed into the bloodstream, trivalent 
chromium is widely distributed throughout the body into plasma or tissue.  The greatest uptake 
of trivalent chromium as a protein complex is via bone marrow, lungs, lymph nodes, spleen, 
kidney, and liver; however, autopsy results reveal that chromium levels in the lungs are 
consistently higher than levels in other organs (ATSDR, 2000).   
2.4. Respiratory Effects 
When inhaled, chromium compounds are respiratory tract irritants that can result in 
irritation of the sinuses and airway and lung, nasal, or sinus cancer.  Pulmonary irritant effects 
due to inhalation of chromium include asthma, chronic bronchitis, chronic irritation, chronic 
pharyngitis, chronic rhinitis, congestion, upper respiratory tract polyps, tracheobronchitis, and 
ulceration of the nasal mucosa with possible septal perforation (Dayan and Paine, 2001, CSEM 
2008).  Many cases of nasal mucosa injury (inflamed mucosa, ulcerated septum, and perforated 
septum) have been reported in workers exposed to hexavalent chromium (ATSDR, 2000).  In 
addition, hexavalent chromium exposures have been associated with symptoms of coughing, 
wheezing, and dyspnea (CSEM, 2008).   
2.5. Cancer 
The first epidemiological study of chromate production workers in the United States that 
demonstrated an association with lung cancer was conducted with 1,445 workers in seven plants 
engaged in the extraction of chromates from ore in the 1930’s and 1940’s and resulted in 
identification of cancer death rates of almost 22%, compared to the expected result of 1.4% 
(CSEM, 2008).  Additional studies found deaths due to lung cancer in chromate production 
plants from 18% to as high as 60%, with a latency period of approximately 30 years (CSEM, 
2008).   
15 
 
Dose-response studies have resulted in a correlation between increased dose and 
increased exposure time with an increase in the risk of lung cancer.  An analysis of lung cancer 
risk suggests a potential excess risk of death from lung cancer among workers in the United 
States to exposures above 50 ug/m3 (Braver et al, 1985).  Bena et al (2004) also identified excess 
risk of lung cancer death resulting from occupational exposure to hexavalent chromium 
compounds.  Stratified analysis of lung cancer mortality showed a trend of increasing mortality 
with higher cumulative exposure levels, with a latency period of 20-35 years (CSEM, 2008).  In 
addition to lung cancer, a number of epidemiological studies of workers in chromate industries 
also showed significantly increased risk for nasal and sinus cancers (ATSDR, 2000).   
The mechanism of hexavalent chromium carcinogenicity is not completely understood, 
although the toxicity of chromium within the cell may result from damage to cellular 
components during the hexavalent chromium to trivalent chromium reduction process by 
generation of free radicals, including DNA damage (ATSDR, 2000).  It may also be possible that 
non-oxidative mechanisms by be involved in hexavalent chromium carcinogenicity (CSEM, 
2008).  In addition, the more insoluble the form of hexavalent chromium, the more likely is the 
risk of cancer due to exposure.   
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3. Literature Review 
.  Bioenvironmental Engineers, including IH personnel perform air sampling, send 
samples to nationally accredited laboratories for testing.  The sample results are then documented 
in DOEHRS (data is electronically transferred from the lab’s Laboratory Information 
Management System (LIMS).   The sample results are associated to each personnel’s respective 
record (longitudinal exposure record, or LER), and occupational physicians receive these results 
for use in medical examinations to determine any possible health effects that may occur due to 
occupational exposures.  In addition, these LER’s are used by veterans who may experience 
latent effects from exposures incurred during their time of service.   
It is important to identify the overall chromate exposures by obtaining a cumulative view 
of both NIOSH chromate methods.  In addition, this analysis will allow a comparison of results 
between the methods, possibly identifying which is more accurate, in addition to identifying 
worker exposures above the OSHA PEL.  A few studies regarding hexavalent chromium 
exposures in aircraft corrosion control processes have been published  and are discussed below.  
A study done by Carlton (2003) identified exposures to strontium chromate above the 
ACGIH TLV-TWA of 0.5 ug/m3 utilizing NIOSH method 7600.  Sampling was performed at 
Tinker AFB in the Aircraft Corrosion Control shop, with a total of 66 samples collected.  The 
corrosion control processes performed are similar to those at Langley AFB; however the type of 
aircraft differ slightly – Tinker houses F-16 and C-130 aircraft, while the Langley process was 
analyzed for personnel working on F-22 aircraft.  The mean exposure TWA for the priming 
process was 83.8 ug/m3 (Carlton, 2003).  The respirators used at Tinker have an APF of 25, 
which may not be sufficient to prevent exposures above the 0.5 ug/m3 level, indicating a possible 
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need for a full-face respirator or one with a higher APF.  NIOSH method 7605 was not utilized 
in the study performed by Carlton.   
A few studies have been published comparing various NIOSH and OSHA sampling and 
analysis methods for hexavalent chromium exposures.  Boiano et al (2000) performed paired 
hexavalent chromium air sampling comparing NIOSH method 7600 to OSHA method ID-215 
and NIOSH method 7703 (a field-portable method).  Twenty field clusters were involved for 
each of the three methods using PVC sample filters.  The sampling techniques are the same for 
all three methods; however the analysis of the samples differs between all three.  OSHA ID-215 
uses magnesium sulfate in the extraction, and NIOSH 7703 is a field method using ultrasonic 
extraction followed by solid-phase extraction in order to isolate the hexavalent chromium 
(Boiano et al, 2000).   
The analysis of variance results for the field samples showed no statistically significant 
differences among the mean hexavalent chromium concentrations measured by each of the three 
methods (Boianao et al, 2003).  Slightly lower results (statistically significantly lower) were 
obtained from the OSHA ID-215 method compared to both NIOSH methods 7600 and 7703, 
possibly due to a loss of hexavalent chromium during the hot plate extraction using magnesium.   
Bennet et. al (2015) analyzed hexavalent chromium and isocyanate exposures during the 
aircraft corrosion control process under crossflow ventilation.  Twelve samples were collected 
and analyzed on personnel working on Hornet strike fighter aircraft on three separate work days.  
Air samples were collected for various methods for isocyanates and hexavalent chromium.  The 
sampling and analysis method used to measure hexavalent chromium exposures was NIOSH 
method 7605.   
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The results for the priming process were above the OSHA PEL in 11 out of the 12 
samples, with a mean of 38 ug/m3 (Bennett et al, 2015).  The respirators used have an APF of 50; 
again raising concerns of exposures above the OSHA PEL inside the respirator.  Full-face 
respirators were recommended based on this study, due to the increased APF of 200 to maximize 
protection from hexavalent chromium.  Variation among some workers was identified; however 
the variation was contributed to increased work effort.   
The research discussed identifies hexavalent chromium exposures above the OSHA PEL; 
however the key factor in preventing worker exposures is ensuring a respirator with an 
appropriate APF is utilized.  NIOSH method 7605 was not used in the aforementioned studies; 
thus NIOSH 7600 may be the more common method used.  The type of aircraft, depending on 
size and surface area, may also contribute to a variation in hexavalent chromium exposures 
across the Air Force in no one specified location.  None of the studies found compared NIOSH 
method 7600 results with NIOSH method 7605 results.   
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4. Research Design and Methods 
In order to compare results and identify if any overexposures are occurring, sample data 
for both methods will be analyzed for variance to reject or fail to reject the hypotheses.  If 
sample results are statistically similar between methods, it may provide justification for further 
studies to eliminate one of the methods.  The sample data will also be plotted against the OEL 
for hexavalent chromium in order to test the null hypothesis that exposures are below 5 ug/m3.  
Sampling methods, sample data collection, and data analysis are discussed in the following 
sections, along with limitations of this study.   
4.1. Sampling Methods 
NIOSH methods 7600 and 7605 are similar in sampling requirements.  Both require a 5.0 
um polyvinyl chloride (PVC) filter.  A 37-mm diameter filter in a polystyrene cassette filter 
holder is required, with a sampling flow rate between 1-4 L/min.  Each method has a different 
range of analysis; method 7600 identifies hexavalent chromium between 0.05 to 0.2 mg/m3 and 
method 7605 identifies hexavalent chromium between 0.05 to 120 ug (0.00005 mg – 0.12 
mg)/m3.  Since method 7605 has a lower detection range, and it overlaps method 7600 detection 
range up to 0.12 mg, it may be possible to eliminate sampling and analyzing for method 7600.  
Eliminating this method would save man hours in the IH and laboratory shops, and would also 
save the financial cost of sampling and analyzing for method 7600.   
NIOSH method 7600 uses visible ultraviolet radiation (UV-Vis) at 540 nm following a 
sulfuric acid extraction for sample analysis.  Method 7605 also uses ultraviolet radiation at 540 
nm; however in this method, the samples are extracted with a sodium hydroxide/sodium 
carbonate solution.  Method 7600 has an estimated limit of detection (LOD) of 0.05 µg, while 
method 7605 has an estimated LOD of 0.02 µg per sample.   
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Personal sampling pumps with flexible tubing are connected to the cassette, and the 
cassette is positioned so the face is parallel to the worker’s body. The paired samples were 
collected from each respective flightline worker.  The sampling flow rate was set at 2.0 L/min, 
within the 1-4 L/min requirement.  A sample volume of 200 L was obtained for both methods, 
with sampling duration of 100 minutes.  A Bios DryCal Defender 510 primary calibrator and 
SKC AirChek® 2000 sampling pump were used for the sampling event, and for all other air 
sampling performed by IH personnel at Langley AFB.  The samples were collected 
simultaneously to ensure exposure levels were equivalent.  The samples were sent to the 
USAFSAM laboratory within the 14 day holding time (5 days) where they were analyzed.  The 
laboratory then electronically imported the sample results from their Laboratory Information 
System (LIMS) directly into DOEHRS.   
4.2. Data Collection 
The Defense Occupational Environmental Health Readiness System (DOEHRS) is a tri-
service database (Air Force, Army, and Navy) that is a comprehensive, automated information 
system for assembling, comparing, evaluating, and storing occupational and environmental 
health surveillance data, personnel exposure information, workplace environmental monitoring 
data, personal protective equipment (PPE) usage data, observation of work practices, and 
employee health hazard educational data.  The DOEHRS database provides information needed 
by Occupational Health staff and command surgeons for reporting options to leadership 
regarding the reduction of health threats to the services.   
IH personnel at Langley AFB perform health risk exposure assessments including 
sampling, calibration and maintenance, on a daily basis, following AFMAN 48-146 (2013) 
procedures.  The sampling, equipment, and assessment data are then entered into DOEHRS.  The 
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data is then reviewed and QA approved by qualified supervisors with the respective QA role in 
DOEHRS.  The sample results are then associated with the personnel’s LER.  DOEHRS 
functions so that if calibration and maintenance information are not up-to-date or within 
specifications, the sample data cannot be QA approved.   
Business Objects reporting is a function of DOEHRS that generates reports for various 
data sets in DOEHRS.   A report of air sampling results entered in DOEHRS can be generated 
for every Air Force location.  QA approved air sample data for hexavalent chromium at Langley 
AFB were generated, and this sample data was entered into IHSTAT for analysis.  Fifty samples 
for method 7600 and 50 samples for method 7605 were used. 
4.3. Data Analysis 
IHSTAT is a program that provides statistical analysis for health exposure assessment 
data, including fit tests and exposure data graphs.  Each sample data set (7600 and 7605) was 
entered into IHSTAT to:  1) determine if sample results are below the OSHA PEL, and 2) to 
compare the sample results from each method to determine any correlation between sample 
method results.  Microsoft Excel was used for comparison of sample results, because IH Stat has 
a limitation of 50 samples, and does not allow for multiple data sets plotted together.  Due to the 
limitations of IH STAT, Minitab was used to perform analysis of variance using t-tests and 
analysis of equal variances.   
Time Weighted Average (TWA) is calculated in DOEHRS for comparison to the OSHA 
OEL.  TWA is used to estimate exposures over an entire 8-hour work shift.   
Equation 2 - 8-hour TWA calculation 
TWA= exposure ((ug/m3 )*(task length (mins))÷ 480 𝑚𝑖𝑛), (2) 
  
where exposure is the concentration, defined below.  The task length is the duration of 
the task time, expressed in minutes.   
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To determine the actual sample concentration, the sample result is divided by the volume 
sampled.   
Equation 3- Sample Concentration Calculation 
Concentration  =sample result (ug) ÷sample volume (m3) (3) 
  
The sample data will be analyzed using t-tests and analysis of variances in order to test 
the null hypothesis for personnel exposures stated in the introduction, in addition to the null 
hypothesis 2: NIOSH method 7600 and 7605 produce results with no significant difference. 
The first hypothesis will be tested using a t-test for one sample set for each NIOSH 
sample method.  The second hypothesis will be tested using a test for equal variances and a 
paired t-test, which uses two sample data sets.  Analysis of variance and a line of best fit are also 
included to determine if the results for both NIOSH methods are statistically significant.  
4.4. Limitations 
The limitations of this study include the precision and accuracy of the sample methods, 
any possible sample interferences, and the limited number of samples used.  Method 7600 has a 
precision of 0.084, with an accuracy of +/- 18.58%.  Method 7605 has a precision of 0.07 and an 
accuracy of +/17.4%.  Fifty samples were collected for each method, with 100 total samples 
collected.  The greater the number of samples, the greater the confidence can be in any 
associations made when analyzing the sample data.  In addition, minimal research is available 
comparing the two methods.  Several studies in the early 2000’s compared NISH 7605 with 
OSHA method ID-215; however NIOSH methods 7605 and 7600 were not compared.   
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5. Results 
The results from the IHSTAT and Minitab analysis are located in Appendix A.  
Screenshots of the DOEHRS database and Business Objects reporting can be found in Appendix 
B.  The sample results were used in the TWA calculations to determine the time weighted 
average of raw sample data results.  The sample results are located in Appendix A.  Plots of the 
sample results for both methods are displayed in Figure 1 and Figure 2 below.   
 
Figure 1 - NIOSH Method 7600 Sample Data 1 
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Figure 2 - NIOSH Method 7605 Sample Data 1 
 
Lognormal graphs are generated by taking the natural log of each sample result, and can 
provide a more normal distribution versus plotting directly the sample data.  Lognormal 
distributions use geometric mean and geometric standard deviation values.  For NIOSH method 
7600, the correlation coefficient for the lognormal data is 0.914; the closer to 1.0 the correlation 
coefficient is, the better the fit line.  The correlation coefficient for the normal plot is 0.782, so 
the lognormal plot has the best fit, since the correlation coefficient is closer to 1.   
The geometric mean (GM) is the average of the lognormal results, in this case the GM is 
3.496, and the geometric standard deviation (GSD) is 9.381.  Based on Hewett’s rule of thumb, a 
GSD > 3.5 implies tremendous variability and indicates the process needs further investigation 
(AIHA, 1998).  A 95th percentile value over 100% indicates the need for additional or more 
effective controls (AIHA, 1998).  The % above OEL is 11.734, indicating some overexposures 
are occurring.   
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Figure 3 - Lognormal Plot Method 7600 1 
 
NIOSH method 7605 also had a better fit using the lognormal distribution; the correlation 
coefficient for the lognormal data is 0.926, compared to the coefficient of 0.749 for the normal 
data set.  The GMR is 3.627 and the GSD is 7.709, indicating high variability as did method 
7600.  Analysis of method 7605 also resulted in a 95th percentile above 100%.  The % above 
OEL is 9.946, again indicating some exposures above the OSHA PEL.   
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Figure 4 - Lognormal Plot Method 7605 1 
 
Both analyses of the NIOSH methods indicate some exposures above the OSHA PEL 
may be occurring; however, there is a very high variability as indicated by the GSD.    Microsoft 
Excel was used to plot a comparison graph to compare data points for Methods 7600 and 7605.  
The plotted results indicate there is some overlap in the methods.  Because IH STAT does not 
allow for multiple data sets, analysis of the comparison of the data sets is limited.  Based on the 
comparison plot, methods 7600 and 7605 do generate comparative sample results.  
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Figure 5 -  Comparison of methods 1 
 
Sample data obtained from both the 7600 and 7605 methods were evaluated using IH 
Stats software as illustrated in Appendix A.  These data did not fit a normal distribution or a 
lognormal distribution.  In comparison with the hypothesized mean of 5 ug/m3, the null 
hypothesis was that the sample will be less than or equal to 5 ug/m3.  We reject the null for both 
of sets of analytical methods.     
The histograms, shown below, show the sample concentration in ug/m3 compared to the 
frequency of each sample concentration.  The maximum p-value is 0.001, so the results indicate 
the null hypothesis should be rejected.  If p< α, the null hypothesis is rejected.  The mean 
exposures are 13 ug/m3 using both sample methods, which exceed the OSHA PEL, and the 
majority of the results, as displayed in the histograms below, are above the OSHA PEL.  The 
95% lower boundary indicates that 95% of exposures are above 9 ug/m3, which includes 
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exposures greater than 5 ug/m3.  The null hypothesis will be rejected, indicating exposures are 
above the OSHA PEL.   
 
Figure 6 - Method 7600 Histogram 1 
 
 
Figure 7 - Method 7605 Histogram 1 
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The two sample t-test was used to test for null hypothesis 2 for equivalence between 
sample methods.  The results of this test were as follows:   
Two-sample T for 7600 vs 7605 
 
       N  Mean  StDev  SE Mean 
7600  50  13.2   16.4      2.3 
7605  50  13.0   17.1      2.4 
 
 
Difference = μ (7600) - μ (7605) 
Estimate for difference:  0.18 
95% CI for difference:  (-6.47, 6.84) 
T-Test of difference = 0 (vs ≠): T-Value = 0.06  P-Value = 0.956  DF = 97 
 
Again, a high p-value and low t-value indicate there is no statistically significant 
difference between the sample methods.  The null hypothesis cannot be rejected.  The high 
standard deviation does indicate a high variance with the results, but not between the methods, 
since they are within 0.7 between method 7600 and 7605.  The result for the Levene’s test was 
also near 1, which confirms the lack of statistical difference between the two methods.   
 
Figure 8 - Test for Equal Variances 1 
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Figure 9 - Confidence Interval Plot 1 
 
Figure 10 - Minitab Data Point Plot 1 
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A line of best fit was also generated using Minitab.  The paired sample results were 
analyzed for a line of best fit to compare method 7600 results with method 7605 results.  The 
equation generated was y = 1.594 + 0.8918x, where y = method 7600 results and x = method 
7605 results.  The correlation coefficient (r2) for the line of best fit was 0.86.  While 0.9 or above 
is preferred, this is an acceptable correlation coefficient.   
 
Figure 11.  Line of Best Fit  1 
 
  
80706050403020100
80
70
60
50
40
30
20
10
0
S 6.19467
R-Sq 86.1%
R-Sq(adj) 85.8%
7605
7
6
0
0
Fitted Line Plot
7600 = 1.594 + 0.8918 7605
32 
 
6. Discussion, Conclusions, Recommendations for future research 
The null hypothesis that exposures are below 5 ug/m3 was rejected; the IH Stat analysis 
also indicates there are some exposures above the OSHA PEL and AL.  Only with proper 
respirator use can personnel be confident they are not being overexposed.  Without respirator 
protection, a small percentage of personnel may experience overexposures, which can lead to 
severe chronic and acute effects.  The importance of wearing a respirator properly and accurate 
fit testing is relevant to the personnel at Langley performing depaint/paint procedures.   
The respirators worn by Langley personnel have an APF of 50.  The maximum sample 
results for 7600 and 7605 were 46.3 ug/m3 and 69.2 ug/m3, respectively.  As mentioned 
previously, the APF should be greater than the exposure concentration divided by the OEL.  
Since the OSHA PEL is 5 ug/m3, the APF of 50 is sufficient to protect workers from 
overexposures occurring.   
The test for equal variance between NIOSH methods does indicate there is no statistical 
difference between the two methods.   Additional analyses need to be performed with larger 
sample sets in order to confirm the theory that method 7600 and 7605 produce equivalent or 
similar results.  If further research confirms the need for only one sampling and analysis method, 
eliminating the duplicate method will save time, equipment, supplies, and the financial cost of 
these as well as reducing laboratory time, equipment, supplies, etc.   
It is possible that certain areas of the weapons system depaint/paint process are 
contaminated more than other areas.  For example, if two personnel are priming near each other, 
the contamination may be higher in that area than if one person was in the area by themselves.  
This could account for some of the variability within the results.  
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Appendix A: Sample Data and Results 
Sample results 
Sample  7600 7605 
  
TWA 
results ug/m3 
TWA 
result ug/m3 
1 0.002 0.03 
2 30.3 40 
3 1.07 1.86 
4 0.292 0.5 
5 0.283 0.3 
6 46.3 69.2 
7 1.7 1.09 
8 4.1 3.8 
9 3.7 1.38 
10 5 1.85 
11 5 5.23 
12 0.033 0.03 
13 0.53 0.523 
14 0.903 1.07 
15 0.044 0.0523 
16 0.215 0.358 
17 1.4 3.75 
18 0.43 0.258 
19 0.764 2.36 
20 0.582 0.3 
21 8.13 7.05 
22 5.54 3.75 
23 31.2 31.6 
37 
 
24 37.1 26.5 
25 32.9 29.9 
26 31.2 20.7 
27 35 22.4 
28 43.6 20.7 
29 18.8 22.4 
30 25 27 
31 34 25 
32 32.9 38.6 
33 17.9 29.5 
34 75 74 
35 26 33 
36 3 8 
37 7.33 6.68 
38 3.91 1.71 
39 17.1 15.8 
40 2.79 7.77 
41 0.55 0.3 
42 0.155 0.3 
43 0.155 0.3 
44 5.71 5 
45 5.56 5 
46 8.33 9.27 
47 5.56 6.2 
48 12.5 7.9 
49 24.6 29.8 
50 6.4 1.25 
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IHSTAT Data  
 
IH STAT RESULTS - NIOSH 7600 1 
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IH STAT RESULTS NIOSH 7605 
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7. Minitab data 
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Appendix B: Screenshots of Data pull process 
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